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I’his  paper discusses a series of aeronautical
experiments that utilize the Advanced
Communicant ion I’ecbnology Satellite (AC-I’S)
llroadband Aeronautical ~’crminal (l IA’1)  [ I]. ‘1’bese
experiments were designed to explore the uses of K-
and Ka-band for aeronautical applications. l’lanned
experiments are also discussed.

IN’I’I<C)I)LIC’’I’ION

A natural extension of the AC’1’S  land-mobile
experiments was to investigate the aeronautical K/Ka-
band cot~lrillltlicatiot~s  channel. ‘1’hc  BA’1’ operates at
higher data rates than the land-mobile terminal, and
demonstrates and characterizes the performance of
high data rate aeronautical Ka-band col~~t~~lltlicatiotls
[2]. l’be experiments performed with the llA-I’ are
described in this paper.

liX1’1;l{lMtlN’1’S

lhc 11A’]’  is designed to explore the use of K/Ka-
band for high data rate aeronautical satellite
cotllt~ltlt~icatiotls. ‘1’he broadband terminal, used in
conjunction with the AC-l’S mechanically steerable
antenna, can achieve data rates of 2 megabits per
second. Ille aeronautical terminal is being utilized
to test a variety of applications that require a high
data rate cotl~tllllr~icatiotls  link,

Experimentation with the BA1’ requires AC’1’S  to bc
operated in the bent-pipe mode. ‘1’be ACI’S I, A/San
I)iego spot beam is used to establish the
communication link between AC’I’S  and the fixeci
terminal at JI’1. in Pasadena, CA. ‘1’he AC’1’S
mechanically steerable dish antenna is used to
establish the link between AC-I’S  and the aircraf~.
Use of the ACI’S steerable antenna introduces the
additional complication of requiring the antenna to
continuously track the aircraft. ‘1’bc AC’I’S  steerable
antenna has a 3 d[l contour diameter of 280 miles,
wI) ich coupled with a nlaximum aircrafl  ground speed
of 700 mph, results in a low dynamic tracking
requirement. Ibis tracking is accomplished by
multiplexirlg  aircraft positioning information (GPS

latitude and longitude) with the data stream
transmitted from the aircraft to the fixed terminal
located at JP1,. At the fixed terminal the positioning
information is then demultiplexed  and transmitted via
the public switched telephone network (PSI’N) to the
AC”I’S control station, located in Cleveland, Ohio,
where the ACT’S is then commanded to point the
steerable antenna to the aircraft location.

‘1’brec s e t s o f  expcrinlents/denlonstrations are
described in the remainder oftbis  section.

Kt(ipcr A ithvtw Ob.wnw!ot>s [.i\’e 7kle\Yi.vicvt
lh)(idcast

[bring the summer of 1995 the I] Al’ was installed
on NASA’s Kuiper Airborne Observatory (KAO),  a
C-14 I A jet transport aircraft which carries a 0.9-nleter
reflecting telescope used for in f”rared  astronomy. Four
experiments using the ACTS were carried out from
the KAO in flight: I ) “[. ive l:mm the Stratosphere”, a
multi-media educational program which included live
video/auciio  broadcasts on U.S. PIIS and NASA IV,
and a wide spectrum of Internet activities, 2) a video
tcleconferencebetwccn  the KAO and several hundred
people at the San IJrancisco  [;xploratorium,  called
“I, ive Interactive Network to Knowledge” (Project
1,INK), 3) “telescience”,  i.e. control of science
instrumentation on the KAO from the ground during
data flights, and 4) telescope-system health
monitoring from the ground during flights. Figure I

shows the KAO and Figure 2 shows the KAO with
the antenna and radome installed.

F’igure  I Kuipcr Airborne Observatory(KAO)C-141
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I:igure 2 11A3’  Antenna and Radome installed on
KAO

The configuration for the KAO experiment is sho~vn
in Figure 3. As indicated in this figure the aircraft
transmitted a combination of video, audio, and
lnternct  data via ACIS to the J1’1,  fixed stalion. ‘[’he
fixed station relayed this information via terrestrial
1’1 line to NASA Ames where worldwide Internet
connectivity was established, and the audio and video
were transmitted via commercial satellite to f)ablic
Broadcaslirrg System (PBS) stations in Maryland and
Ncw York who incorporated tbcm into live
broadcasts. Similar clata traveled on the return  path
from the fixed station to the aircraft. “1’hc fear
components of this experiment arc cliscussed below.

I:igure 3 KAO Ikpcrimcnt  Contlgaration

[,iw  [’rottl (k .VttzIto.@we was the second of three
programs in the f’assport  to Knowledge series, a
multi-media educational program designed to take
students on “electronic field trips” into lbc world of
scientific discovery. The l’asspor[  to Knowledge
series seeks to integrate varioas cotllrlllirlicatiotls
media into a hands-on, interactive cdacational
experience forteachers and students.

I,i]’e Fim lhe S’/rolo.@we  activities centered on two
KAO flights on October 12 and 13, 1995. [hiring
these flights, two-way video, aodio, and data \vcre

transmitted, via ACTS, bct}vecn the KAO and the
groand. ‘1’he  video and aadio were sent via a
combination of land lines and commercial satellites
to public ‘1’V stations on the East coast, where the
program was produced and sent oat live for broadcast
on l)llS channcts  and NASA ‘IV. Sixty percent of
1’11S stations around the country broadcast some part
of 1, ihw liom tk ,Vlt(ilc).s[)llc’tc.

I)aring the f,i)’c }kom lhc .Wralospkvc  p r o g r a m ,
select “aplink” sites at moseurns and schools were
given the opportunity to communicate directly with
the crew and scientists aboard the KAO. Students
and teachers interviewed the crew and scientists, and
participated in on-line activities relating to the KAO
flights. For example, s[adcnts  plotted the track of the
aircraft on maps, using latitude, longitude and
heading data that was transtnitted over Internet at
regular time intervals daring the flights. One groap
of stadcnts at the Adler Planetarium in Chicago was
able to control the KAO’S telescope via the Internet
from their compater. A scientist on-board the KAO
controlled and obtained data from a telescope in New
Mexico, designed for remote control.

I’here were 1300 email subscriptions to f.iw? F>oI}l
tlw ,Vlrcllo.vl)i)c’t’c’, and approximately 100 teachers
participated in on-line discussions. I’berc  were tens
of thoasands  of visitors on the Web site, and fifty
KAO cxpcrk responded to aboat 250 cmail qaestions
from chi Idren.

[Jrojcc( I,/A’K: [)aring two KAO research
flights in Scptcmbcr  1995, tcachcrs and students
aboard the KAO conducted “CLJSeeMe”
tc]econfercncingaeross  the lnternet  with an audience
of hundreds at the San I:rancisco ~ixploratorium.
[hiring the flights, educational demonstrations
relating to astronomy and to the aircraft environment
were condacted.  People on the aircraft communicated
with the aadicnce at the Exploratoriam  via lnternet
tclcconfcrmcing,  and airpbone. I’bc excitement and
cntbusiasm of the crowd at the Ikploratoriam  was
tremcncloas, as kids had the opportunity to interact in
real-time with people aboard the KAO.

l{ewolc’  (MLwrlli)g:  [)uring research flights in
September, and daring the I,ive I’rom the
Stratosphere flights in October, scientists from the
University of Chicago’s Yerkes  Observatory
demonstrated remote control ofsystems  on the aircraft
via the AC-I’S  communications link. Activities
incladcd control of the telcscopc system, transmittal
of science and tclcscopc data bct}veen the aircraft and
the ground, and “CLJSecMe” teleconferencing with
aadio and video capability. in addition, a telescope
in Nc\v htcxico was operated from the KAO in flight.



Real-titw  AIIIOtIIaIed Diagtlosis ,$ NICItI
(RAI~): ‘Ihe RAD is a failare monitoring system that
receives data from KAO telescope sabsystcms and
ases the data to diagnose and report syslem problems
to an operator on the ground. Communication was
over the lnternet, via the AC-I’S  link, daring KAO
research flights in August, 1995. I’he parpose  of this
experiment was to demonstrate the feasibility of asing
an automated diagnosis system for the airborne
telescope, and to demonstrate the possibilities that
the RAI) may provide for monitoring and diagnosing
telescope problems from the groand.

l’hc Broadband Acronaatical ‘1’crminal was
successfully installed on the KAO C-14 I aircraft
shown in Figarc  1. A total of 150 boars of in-flight
operation of the terminal daring a fear month test
period were performed and the term inal w’as foand to
perform qaite well daring these tests. ‘1’hc system
was able to acqaire the satellite signal prior to take-off
and remain locked daring take-off, craise, ancl
landing, maintaining a full-daplcx compressed video
link. Measaremcnts of signal-to-noise ratio for the
signal received in the aircraft and at the fixed terminal
indicate that the terminal performance is better than
predicted by the link budgets, and a fall-duplex II
data rate (1 .544 Mbps) coald be sapportecl.

l’hc flight plan for a KAO test flight on Ao.gast  26,
1995 is shown in Figarc  4. ‘1’hc flight originated in
Moffett Field, CA, position 1, proceeded to position
2 and so on until returning to Moffct( licld after
passing through position 15. An example oftbe
data recorded daring this flight over the Western
United States is provided in Figarc  5. I’his  plot
shows thcreceived  pilot power level in the aircraftof
a pilot signal that is transmitted fromthc  JPI, fixed
tern~ina  lviaAC”l’  Stothcaircraft.  I’hcrcceived  pilot
power level is shown daring a two minatc long
aircrafttarn  in which the beading changes by 330°
and the roll angle changes by -30°. l’hc received
pilot power indicates that the antenna maintained
tracking daring this steep roll angle chat~ge. ‘1’hc
plot also indicatcsthattbere  is signal variation ofap
to 0.7 d[l daring the tarn (+/-  0.5 d[l RMS for the
entire data set), and as a resalt the antenna tracking
algorithm parameters were adjasted to improve this
performance forsubseqacnt  fli,ghts. }:igarc6 contains
freezeframes of the live compressed video that was
transmitted fromthc  in-flight KAOto  the JI’1, fixed
terminal from 41,000 feet, ‘[’he fiamcs show a
scientist taking mcasorments  with the telescope.

f;igure4 KAO1~light  Plan Aagust  26, 1995
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‘[’he experiments carried out from the KAO using
ACI’S will serve as proof-of-conceptfor  development
of future satellite communication capabilities for
airborne astronomy on the KAO or its planned
successor, the Stratospheric Observatory For lnfrarccl
Astronomy (SOFIA).

Ilotb the KAO and SOFIA projects arc committed to
hands-on educational programs which get teachers
and students directly involved with science activities.
‘Ihc 1 ,ive From the Stratosphere and [;xploratoriurn
experiments demonstrated satellite based
communications capabilities for involving larger
numbers of participants in research flights, via
video/audio broadcasts, teleconferencing, and other
Internet activities, than is currently possible due to
seating and other limitations.

Results from the RAI) experiment may be used in
developing similar capabilities for the KAO or
SOFIA. Development of a remote system health
monitoring and diagnosis capability via satellite
communications may allow’  a reduction in the
number of crew members needed on board the aircraft
for research flights, which is a goal for both programs.

Remote observing capabilities would open up new
possibilities for scientists involved in airborne
astronomy. Scientists could participate in KAO or
SOFIA research flights without having to be prcsenl
on the aircraft. In addition to lowering the number of
people on board the aircraft, and lowering travel time
and costs for the scientists, this feature would be
useful to those scientists who cannot fly due to health
reasons. Ilaving immediate acccssto science data
fromthc  aircraft may also behelpfulfortirnc-critics!
events, such as the Jupiter-comet collisions  that
occurred in July 1994,  or occultation events where
world-wide coordination of science results in real-
time maybe important.

Rockwell International flcwan  AC-l’S experimcntto
characterize the high speed data performanceavailable
to/fronl a turbojet aircraft, and more specifically a
small business jet. ‘1’bc motivation in undertaking
this experiment was several fold:

● I’hc demand forhigher  data rates to/fron~aircraft
continues to climb, and presently CXCCCCIS the
technical capability to provide it. [rnagery
downlinks  constitute most of that demancl.

● Government users are primarily conccrnccl with
sensor dowmlinks  demanding ~vidc digital

b a n d w i d t h ,  plus the ability to upload large
databases quickly.

● ‘1’be  cornmercialairlinc  market wants significant
“ofllce-in-the-sky” bandwidth into which
multiple two-way digital signals may be
multiplexed (e.g., voice, fax, data, etc.) Only
limited use is fomecn for video entertainment.

As a supplierto  both markets, Rockwell recognizes
the potential for Ka-band service to satisfy these
neccis, and has undertaken an effort to establish a
perfomancc base l ine  to support further
comtnercialization  of Ka-band  services.

‘[’he configuration for the Rocktvell experiment is
shown in I;igure  7. As indicated in this fi.gure the
aircrafl  transmitted a combination of video, audio,
and sensor data via ACI’S  to the JP1, fixed station.
Sil]]ilar  data traveled  orltt~e retLlrt~patt~  frorllt}le fixed
station to the aircraft. ‘l’he configuration details of
this experiment are discussed below.

I:igurc7 Rock\vell I;xpcrirllellt CorlfigLlratiotl

[<.vpcritmtztal I;quipmetlt Cotl)gwatiotl:
‘1’he  Rockwell experiment utilized one of the
c o m p a n y ’ s  Saberliner  jet aircraft, and more
specifically theaircraft  used forenginccring  and FAA
qualification testing ofvarious  avionics. Ihe aircraft
antenna was mounted on an existing reinforced port of
the aircraft approximately over the wing and just
slightly off centerline. ‘1’be  antenna tvas designedto
have minimal protrusion, and hence protrudes
through the pressure hull adapter into the headroom
oftbe  cabin only a few inches. Careful analysis was
doncby  Sabcrlincr  inc. todeternlinetl~e  aerodynamic
impact o f  t h e  radome o n aircraft safety and
pcrfornlance,an  dconcludedthat the top speed of the
aircraft has to be reduccdwitb the antenna mounted.
Installation of the antenna was clone by Saberliner
Inc. in August 1995 and isshow’n in Figure8.
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establish the link performance patterns to glide
system and eqaipment design for the next generation
ofairbornc Ka-band capability [3].

I’i.gare 8 Rockwell Saberliner  with BAT’ Antenna
and Radorne I nstal led

I’hc eqaipment configuration installed in the aircraft
by Rockwell’s Flight Applications Engineering shop
inclodes the basic Ji)l, BAI’: RF converter  and
wavegoide,  IF converter, I’WI’  power amplifier,
Modem, Video Codec,  Antenna control unit, [)ata
logger, and test eqaipmnt.

Navigation data is sapplied to the antenna controller
from the aircraft has for antenna pointing, and relayed
to the laptop for logging and uplinking. ‘1’he
eqaipment is moonted in a 19 inch rack pallet, which
is fastened to the seat tracks in place of a passenger
seat.

F’ligilt 7k.s/.s: l’hc Saberliner  flew the test
missions in two sessions: ALI,gLISt 1995 and March
1996. I’he tests were deliberately split to allow
testing in the hamid summer  weather and dry winter
weather of the m idwestern United States. ‘1’he broad
goals of the testing were to characterize link
performance as a fonction of aircraft motiotdantcnna
pointing as well as ambient weather conditions.
I’bis  was done at a variety of data rates. While
precipitation attenuation is a well-known
phenomenon on tbc groand,  little detailed data is
available on the airborne effectsand  hence this was a
primary objective of this experiment.

lo characterize the precipitation conditions, data from
the onboard Rockwell weather data together with
NIiXRAD weather radar data \vere collected to
characterize the precipitation and humidity conditions
in the path between the aircraft and satellite. ‘1’hc
aircraft flight schedule and coarse were set to obtain
the desired weather conditions.

l’he final series of tests otilizecl a “live” television
camera in the cockpit window downlinked  to the
ground via a video codec, replacing the digital test
pattern used for the preceding tests. “1’he complete
data set for the flight test series is being analyzed to

I;li.ght  tests found the terminal to perform qaite well.
I’he system was able to acquire the satellite signal
prior to take-ofrand remain locked daring take-off,
craise, and landing, maintaining a fall-dap]ex data
link the entire time. During these flights that used a
10 W I’W’I’A  and the ACIS steerable antenna in a
fixed point mode, fall daplex links of 64 kbps were
established between the Saberliner  flying in the
lol\’a~cbraska/SoLltll  Dakota area and the fixed
terminal at J1’1,. Good signal-to-noise ratios were
maintained for a variety of aircraft maneovers  and
varying weather conditions in both the smmer and
the winter.

f:igares 9 and 10 show a sampling of the flight test
data that \vas recorded daring the Rockwell
experiments. f’igare  9 covers a period when the
aircraft  was taxiing on the groond prior to take-off and
the sabseqaent climb to an elevation of 30,000 feet.
‘Ihe parameters displayed inclade the pitch, roll,
yaw, and altitade of the aircraft, the azimuth and
elevation angles of the antenna relative to the aircraft,
and the aircraft’s received pilot signal-to-noise ratio.
A point of interest is the pilot SNR which is
displayed as a voltage ratio. When this scale is
converted to d[l-power the maximom peak-to-peak
variation is foand to be less than 1.5 dB. This
indicates that the aeronautical antenna was able to
ccmsistently  track in both azimath and elevation and
rcceivc the transmitted signal onintemtpted for a
variety of aircraft maneavers cm the groand  and while
climbing to altitade. ligare IO shows the same
parameters for the level flight phase following
immediately after the climb to ahitodc. I’bis  plot
again shows that  the maxitnom peak-to-peak
variation is 1.5 dkl as the antenna tracks through
varioos pitch, roll, and yaw pcrtorbations.

T,m of 08,

I:igarc9  I<ock\\ell SaberlirlerF ligl~tl’est [)ata for
‘1’akc-offand  Climb to Altitude
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Figure 10 Rockwell Sabcrliner  F’light ‘lest I)ata for
1 ,evel Flight

I;arly in 1998, components of the IIArl’ will be used
to support flight trials as part of the European Space
A g e n c y ’ s  (F,SA) A d v a n c e d  Cotllll~Lltlicatiotls
lecbno]ogy and Services (ACT’S) project,
specifically the ACTS Droadband Aeronautical
‘1’crminal  Ikperiment  (A13A1’11). “1’be AIIA1’Ii
project will assess technologies, leading to definition
c)f a future, advanced aeronautical mobile satellite
system operating in the K/Ka bands and capable of
providing broadband tclecot~ltl~llllicatio[ls  services as
well as classical services associated with current low
bit rate tecbnctlog,ics.

Two sets of flight trials are planned but, the BArl’
equipment will only bc used during the second set.
Tbe first set of flight trials will take place in the fall
of 1997 and will not utilize the JPI. equipment.
I)uring  those trials, the aircraft will be equippccl with
a receive only system to make channel nlcasuremcnts
and test different antenna pointing tccbniqucs.
I)cutscbe  E’orschungsanstalt  fur l,uft und Raumfahrt
CV (DIR)  will modify their land mobile antenna and
RF equipment for this phase of flight trials.

‘1’bc  second set of flight trials will bc conducted in
March 1998. ‘[be experimental configuration is
s}lown in Figure 11. ‘1’best flights will serve to
demonstrate a full duplex audio/video/internct
capability between the aircraft and tbc multimedia
laboratory in Rome, Italy via tbc 1“1’A1,SA’I’  satellite.
llle JP1, equipment (i.e., BA1’ antcntla, 1<1:  and 11:
converters, support equipment) will be used cluring
this phase oftbc flight trials to provide a transmit and
receive capability onboarcl the aircraft. [hiring tbesc
trials, channel measurements (e.g., [l[il{,  llb/No,
received power, pilot power) wi II be made.

[
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I’igure I 1 ABAI’lL  Experiment Configuration.

Four’  to six flights, each of about four hours duration,
will bc performed. I’be same aircraft, I) I,R’s DO-
228 turboprop, will be used for all flight trials. It is
expcctcd  that the plane will fly out of Ciampino,  a
military airbasc south of Rome.
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